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(54) Device for controlling vehicle turn behavior by engine torque control with feedback of 
vehicle speed 



(57) A device for controlling a turning behavior of a 
vehicle detects running speed of the vehicle, calculate a 
standard performance of the turning behavior of the 
vehicle substantially according to a steering angle input 
by a steering systenn and the running speed of the vehi> 
cle, calculates a deviation of the turning behavior from 
the standard performance in an amount of decrease of 



vehicle running speed to be effected with the vehicle for 
compensating the deviation, calculates a target 
decrease of engine torque for effecting the vehicle run- 
ning speed decrease, and decreases the engine torque 
according to the target engine torque decrease. 
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Description 

Background of the Invention 

Field of tfje Invention 

[0001] The present invention relates generally to a 
device for controlling a running behavior of a vehicle 
such as an automobile, and more particularly, to a 
device for controlling a turning behavior of a vehicle 
having an engine, wheels and a steering system by 
intenrelating the engine with the steering system. 

Description of the Prior Art 

[0002] It is already known to control the engine of 
an automobile In controlling a turning behavior thereof, 
so as to throttle the engine when the turning behavior 
reaches a predetermined threshold condition, as 
described in, for example, Japanese Patent Laid-open 
Publication 9-125999. By so incorporating an engine 
throttle control in a turning behavior control of an auto- 
mobile that the automobile is decelerated when the 
turning behavior reaches a predetemriined threshold 
condition, the turning behavior will be recovered from a 
threshold condition, so as to be retained from entering 
into an excessive understeering leading to a drrftout or 
an excessive oversteering leading to a spin. 

Summary of the Invention 

[0003] However, the inventors note that a threshold 
condition such as a limit of an excessive undereteering 
or oversteering Is against a result already produced by 
an inappropriate con-elation of a vehicle speed due to 
an engine output and a steering of a vehicle which 
would have been avoided if the engine output is appro- 
priately controlled In relation to the steering, so that the 
vehicle is controlled not to approach such an unders- 
teering or oversteering limit 

[0004] In view of the above, it is a primary object of 
the present invention to provide a device for controlling 
a turning behavior of a vehicle such as an automobile, 
by which the engine output is controlled in relation to the 
steering operation by a driver, so that the vehicle is pro- 
tected in an earlier stage from subjecting to an exces- 
sive understeering or oversteering which would lead to 
a driftout or a spin of the vehicle, respectively. 
[0005] According to the present invention, the • 
above-mentioned primary object is accomplished by a so 
device for controlling a tuming behavior of a vehicle 
having an engine, wheels and a steering system, com- 
prising: 

means for detecting operation parameters of the ss 
vehicle, including means for detecting running 
speed of the vehicle; 

means for calculating a standard performance of 



the turning behavior of the vehicle substantially 
according to a steering angle input by the steering 
system and a running speed of the vehicle detected 
by the running speed detection means; 
means for calculating a deviation of the tuming 
behavior from the standard performance thereof in 
an amount of decrease of vehicle running speed to 
be effected with the vehicle for compensating the 
deviation; 

10 means for calculating a target decrease of torque of 
the engine for effecting the vehicle running speed 
decrease; and 

means for decreasing the torque of the engine 
according to the target engine torque decrease. 

75 

[0006] By such a construction that the tuming 
behavior according to a steering angle input by the 
steering system and a running speed of the vehtele, i.e. 
a yaw rate of the vehicle, is calculated with respect to its 
20 deviation from a standard performance thereof, so as to 
obtain the deviation in an amount of decrease of vehicle 
running speed to be effected with the vehicle for com- 
pensating the deviation, and the engine torque is con- 
trolled to decrease the vehicle speed for the 
25 compensating decrease amount, the tuming behavior of 
the vehicle is controlled as watched in a stage of the 
vehicle speed in relation to the input of steering, prior to 
the conventional watching of the turning behavior in the 
stage of the result of the turn effected by a product of 
30 the vehicle speed and the yaw rate. 

[0007] As an embodiment, the operation parameter 
detection means may further include means for detect- 
ing lateral acceleration of the vehicle, the standard turn- 
ing behavior performance calculation means may 
calculate a standard yaw rate of the vehicle, the tuming 
behavior deviation calculation means may calculate the 
tuming behavior deviation by first dividing the lateral 
acceleration detected by the lateral acceleration detec- 
tion means with the standard yaw rate to obtain a target 
vehicle speed, and subtracting the vehicle speed 
detected by the vehicle speed detection means from the 
target vehicle speed, so as to obtain a vehicle speed 
modification amount on a condition that the balance is 
negative, the vehicle speed modification amount being 
the vehicle speed decrease to be effected with the vehi- 
cle for compensating the deviation into an understeer- 
ing. 

[0008] As a further embodiment, the operation 
parameter detection means may furt:her include means 
for detecting yaw rate and lateral acceleration of the 
vehicle, the standard turning behavior performance cal- 
culation means may calculate a standard yaw rate of the 
vehicle and a first provisional target vehicle speed by 
dividing the lateral acceleration detected by the lateral 
acceleration detection means with the standard yaw 
rate on one hand, while calculating on the other hand a 
second provisional target vehicle speed by dividing the 
lateral acceleration detected by the lateral acceleration 
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detection means with the yaw rate detected by the yaw 
rate detection means, and the turning behavior devia- 
tion calculation means may subtract the vehicle speed 
detected by the vehicle speed detection means from 
either the first or the second provisional target vehicle 
speed whichever Is smaller than the other, so as to 
obtain a vehicle speed modification amount on a condi- 
tion that, when the first provisional target vehicle speed 
Is selected, the vehicle speed modification amount is 
the vehicle speed decrease to be effected with the vehi- 
cle for compensating the deviation into an understeer- 
ing, while when the second provisional target vehicle 
speed is selected, the vehicle speed modification 
amount is the vehicle speed decrease to be effected 
with the vehicle for compensating the deviation into an 
oversteering. 

[0009] As a further embodiment, the operation 
parameter detection means may further include means 
for detecting yaw rate, the standard turning behavior 
performance calculation means may calculate a stand- 
ard yaw rate of the vehicle and a first provisional target 
vehicle speed by dividing a product of the vehicle speed 
detected by the vehicle speed detection means and the 
standard yaw rate with the yaw rate detected by the yaw 
rate detection means on one hand, while calculating on 
the other hand a second provisional target vehicle 
speed by dividing a product of the vehicle speed 
detected by the vehicle speed detection means and the 
yaw rate detected by the yaw rate detection means with 
the standard yaw rate, and the turning behavior devia- 
tion calculation means may subtract the vehicle speed 
detected by the vehicle speed detection means from 
either the first or the second provisional target vehicle 
speed whichever is larger than the other, so as to obtain 
a vehicle speed modification amount on a condition 
that, when the first provisional target vehicle speed is 
selected, the vehicle speed modification amount is the 
vehicle speed decrease to be effected with the vehicle 
for compensating the deviation into an understeering, 
while when the second provisional target vehicle speed 
is selected, the vehicle speed modification amount is 
the vehicle speed decrease to be effected with the vehi- 
cle for compensating the deviation into an oversteering. 
[0010] As a further embodiment, the vehicle opera- 
tion parameter detection means may further include 
means for detecting lateral acceleration of the vehicle or 
means for detecting friction coefficient of a road surface, 
and the device nnay further comprise means for calcu- 
lating a target deceleration of the vehicle based' upon 
the vehicle running speed decrease amount calculated 
by the turning behavior deviation calculation means, 
means for estimating a maximum deceleration of the 
vehicle allowable by an engine braking based upon the 
lateral acceleration of the vehicle detected by the lateral 
acceleration detection means or the road surface fric- 
tion coefficient detected by the road surface friction 
coefficient detection means, and means for braking at 
least one of the wheels until the target deceleration low- 



ers below the maximum allowable deceleration when 
the target deceleration is higher than the maximum 
allowable deceleration. 

5 Brief Description of the Drawings 

[001 1 ] In the accompanying drawings, 

Fig. 1 A is a diagrammatical view of a vehicle such 
10 as an automobile in which a vehicle behavior con- 
trol device including the vehicle turn behavior con- 
trol device according to the present invention is 
incorporated; 

Rg. 1B is a diagram showing supplies of vehicle 
15 operation parameters to the vehicle behavior con- 
trol device; 

Fig. 2 is a diagram showing a general construction 
of the vehicle turn behavior control device accord- 
ing to the present invention; 

20 Rg. 3 is a flowchart showing a first embodiment of 

the present invention in the form of its operation; 
Rg. 4 is a flowchart showing a second embodiment 
of the present invention in the form of its operation: 
Rg. 5 is a flowchart showing a third embodiment of 

25 the present invention in the form of its operation; 

Rg. 6 IS a flowchart showing a modification incorpo- 
rated, as an embodiment, into the vehicle tum 
behavior control device shown in Rg. 3; 
Rg. 7 is a map showing an embodiment of a time T 

30 incorporated in the flowchart of Rg. 6; and 

Rg. 8 is a map showing an embodiment of a thresh- 
old deceleration Gxto incorporated in the flowchart 
of Rg. 6. 

35 Description of tlie Enribodiments 

[0012] in the following, the present invention will be 
described in more detail with respect to some preferred 
embodiments by referring to the accompanying draw- 
40 ings. 

[0013] Referring first to Rg. 1A, a vehicle such as 
an automobile diagrammatical ly shown therein has an 
engine 1 0 which outputs a rotational power through a 
torque converter 12 and a speed change gear mecha- 

45 nism 14, both constructing a transmission 16 in combi- 
nation, a propeller shaft 18, a differential gear 20 and 
left and right axles 22L and 22R toward rear left and 
rear right wheels 24RL and 24RR. In the figure. 24FL 
and 24FR are front left and front right wheels adapted to 

50 be steered by a steering system which is not shown in 
the figure but may be of a conventional type. The engine 
20 is supplied with a fuel-air mixture through an intake 
passage 26 equipped with a main throttle valve 28 and 
a sub-throttle valve 30. The main throttle vah/e 28 is 

55 operated by a driver according to a depression of an 
accelerator pedal not shown in the figure, while the sub- 
throttie valve 30 is automatically operated by engine 
control means 32 through an actuator 34. 36 is a throttle 
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position sensor for detecting the opening position of the 
main throttle valve 28. 

[001 4] The engine control means 32 are the essen- 
tial portion of the present invention, constructed to con- 
trol the engine output in relation to the tuming behavior 
of the vehicle, in association with vehicle behavior con- 
trol means 40, both of which may indeed be constructed 
by a common microcomputer. The vehide behavior con- 
trol means 40 operate hydraulic circuit means 44 dia- 
grammatically shown to hydraulically operate wheel 
cynnders 46FL, 46FR, 46RL and 46RR for the front left, 
front right, rear left and rear right wheels 24FL, 24FR, 
24RL and 24RR for braking the con^esponding wheels. 
The hydraulic circuit means 44 are also operated by a 
depression of a brake pedal 48 by the driver through a 
master cylinder 50. 

[0015] As diagrammatically shown in Fig. 1B, the 
vehicle behavior control means 40 are supplied with 
operation parameters of the vehicle such as steering 
angle G from a steering angle sensor 54, lateral acceler- 
ation Gy of the vehicle from a lateral acceleration sen- 
sor 56. vehicle speed V from a vehicle speed sensor 58, 
yaw rate y from a yaw rate sensor 60 and longitudinal 
acceleration Gx from a longitudinal acceleration sensor 
62. 

[0016] Further details of the engine control means 
32 will be described hereinbelow with reference to the 
operations thereof. 

[0017] The overall operation of the vehicle turning 
behavior control device according to the present inven- 
tion is shown in Fig. 2 in a block diagram. As shown in 
the block diagram, the turning behavior control device 
according to the present invention is functionally con- 
structed by block A for conducting calculation of target 
tuming behavior, block B for conducting calculation of 
target vehicle speed, block C for conducting calculation 
of engine torque modification and block D for conduct- 
ing execution of engine torque modification, so as to 
modify the turning behavior of a vehicle primarily placed 
under a driver's operation through a manual control sys- 
tem shown by block E. 

[001 8] The calculation blocks A, B and C are indeed 
constructed by the mfcrocbmputer constructing the 
engine control means 32 and the vehicle behavior con- 
trol means 40, while the execution block D is con- 
structed by an output part of the microcomputer and the 
combination of the actuator 34 and the sub-throttle 
valve 30. As will be noted, the block A calculates a tar- 
get turning behavior according to the driver's operation, 
and instructs the block B to calculate a target vehicle 
speed, while reflecting thereon the vehicle turning 
behavior as a feedback signal. The block B Instructs the 
block C to calculate an engine torque modification 
according to the target vehicle speed calculated in block 
B, while reflecting thereon the vehicle turning behavior 
as a feedback signal. Then, the block C instructs the 
block D to execute an engine torque modification 
according to the calculation thereof in the block C, so as 



to control the vehicle turning behavior from the phase of 
the engine torque to meet with the driver's operation for 
a turn running by suppressing an understeering or an 
oversteering of the vehicle which would occur if the 

5 vehicle is left only under the manual control. 

[0019] Such a series of calculations and execution 
of the behavior control by the microcomputer are carried 
out in parallel with the manual control by the driver, with 
the results of the manual and computer controls being 

10 fed back for the calculations of the target vehicle speed 
and the engine torque modification. Therefore, it will be 
appreciated that the vehicle turning behavior is of 
course placed primarily under the control of the driver 
through the block E, while the vehtele turning behavior is 

15 improved by the automatically operating functions of the 
blocks A, B, C and D with a feedback of the vehicle turn- 
ing behavior in the stage of calculation of the target 
vehicle speed in the block B and a further feedback of 
the vehicle tuming behavior in the stage of cafculation of 

20 the engine torque modification in the block C. 

[0020] Fig. 3 shows a first embodiment, in the form 
of its operation, of the vehicle turning behavior control 
device according to the present invention having such a 
general construction as shown in Rg. 2. 

25 [0021 ] In Rg. 3. when the device is started for oper- 
ation as by a closure of the ignition switch not shown in 
the figure, in step 10 signals with regard to operation 
parameters of the vehicle such as shown in Fig. 1 B are 
read in. 

30 [0022] In step 20, a standard yaw rate yt is calcu- 
lated substantially according to a steering angle 9 
detected by the steering angle sensor 54 and a vehicle 
speed V detected by the vehicle speed sensor 58 as fol- 
lows: 

35 

Yt = Ve/(NL)-k1VGy 

wherein N is a gear ratio of the steering system 
not shown in Rg. 1 , L is the so-called wheel base of the 

40 vehicle, Gy is a lateral acceleration detected by the lat- 
eral acceleration sensor 56, and k1 is an appropriate 
coefficient. Since the influence of the lateral accelera- 
tion Gy on the standard yaw rate is minor, the coefficient 
kl is a low value, so that the standand yaw rate 7 1 is 

45 detennined substantially according to the steering 
angle 6 and the vehicle speed V. 

[0023] In step 30, it is judged if the standard yaw 
rate.yt calculated above is larger than a small threshold 
value y 0. When the answer of step 30 is yes. the control 
50 proceeds to step 40. 

[0024] In step 40, a target vehicle speed Vt is calcu- 
lated according to the lateral acceleration Gy and the 
standard yaw rate yt as follows: 

55 Vt=Gy/yt 

[0025] The standard yaw rate y t is a result of a tar- 
get tuming behavior calculation such as conducted by 
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the block A of Fig. 1 based upon the steering angle e 
input as a driver's operation, while the lateral accelera- 
tion Gy is a vehicle turning behavior. Generally in this 
art, parameters such as e, y and Gy having a discrimi- 
nation of left or right orientation are signed positive 5 
when they are concerned with one side turn of the vehi- 
cle such as, for example, left tern, while they are signed 
negative when they are concerned with the other side 
turn of the vehicle such as, for example, right turn. 
According to such a rule, the sign of Vt is always posi- 
tive, and an increase of the absolute value of y t 
decreases the positive value of Vt, while an increase of 
the absolute value of Gy increases the positive value of 
Vt As will be noted hereinbelow, a decrease of Vt is 
processed to increase the engine torque modification 
(i.e. the control amount), while an increase of Vt 
decreases the control amount. Therefore, the calcula- 
tion of Vt=Gy/ Y t incorporates therein a negative feed- 
back of the vehicle turning behavior (Gy) to the input (y 
t) from block A to block B as shown diagrammatically by 
a plus/minus addition point in Fig. 2. 
[0026] When the answer of step 30 is no, the control 
proceeds to step 50, wherein the target vehicle speed 
Vt is set to the actual vehicle speed V. and then the con- 
trol returns to step 1 0. 

[0027] In step 500, a vehicle speed modification A V 
is calculated as a difference of the target vehicle speed 
Vt from the actual vehicle speed V as follows: 

A V = Vt- V 

[0028] The calculation of Vt - V con-esponds to the 
negative feedback of the vehicle turn behavior (V) to the 
input (Vt) from block B to block C as shown by another 
plus/minus addition point in Fig. 2. 
[0029] In step. 550, it is judged if the difference A V 
is smaller than 0, i.e. negative. When the vehicle is 
understeering in a turn running, the lateral acceleration 
Gy due to the understeered yaw rate is smaller than the 
lateral acceleration due to be generated by the standard 
yaw rate y t. Therefore, the target vehicle A V calculated 
in step 500 is smaller the actual vehicle speed V. There- 
fore, when the answer of step 550 is yes, it indicates that 
the vehicle is in an understeered condition at a magni- 
tude corresponding to the vehicle speed difference A V 
(negative). 

[0030] Then, in step 600, an engine torque modifi- 
cation A T is calculated according to A V and its change 
rate A A V as follows: 

AT=k2AV + k3AAV 

wherein k2 and kS are appropriate coefRcients, 
both being positive, so that A T is obtained in a negative 
value. 

[0031] In step 700, a target sub-throttle opening <^ s 
for decreasing the engine torque by an amount of I A Tl 
is calculated. 



[0032] Then in step 800, a corresponding sub-throt- 
tle control is executed, so that the sub-throttle valve 30 
is moved toward a more throttling position by the actua- 
tor 34, and to accomplish the reduction I A Tl of the 
engine torque. 

[0033] Fig. 4 is a flowchart similar to Fig. 3, showing 
a second embodiment of the vehicle tuming behavior 
control device according to the present invention. In Fig. 
4, the steps corresponding to those shown in Fig. 3 are 
designated by the same step numbers and operate in 
the same manner as in Fig. 3. 

[0034] In this embodiment, when the answer of step 
30 is yes, then in step 1 00 a target vehicle speed Vdt is 
calculated In the same manner as in step 40 of Fig. 3, 
denoting the ratio Gy/ y t as Vdt, indicating that this is a 
standard vehicle speed if the vehicle is understeering in 
the turn running. When the answer of step 30 is no, the 
control bypasses step 1 00 through step 110, where Vdt 
is set to the actual vehble speed V. 
[0035] In step 120, it is judged if the yaw rate y 
detected by the yaw rate sensor 60 is larger than the 
small threshold value y 0. When the answer is yes, the 
control proceeds to step 130. 

[0036] In step 1 30, another target vehicle speed Vst 
is calculated according to the lateral acceleration Gy 
and the yaw rate as y follows: 

Vst = Gy/y 

[0037] When the answer of step 120 is no, the con- 
trol bypasses step 130 through step 140. where Vst is 
set to the actual vehicle speed V. 
[0038] In step 150, a smaller one of Vdt calculated 
in step 1 00 and Vdt calculated in step 1 30 is selected as 
a target vehicle speed Vt. It is generally considered that 
when the vehicle is understeering in a tum running, the 
vehicle is not oversteering in the same turn running, 
while when the vehicle is oversteering in a turn running, 
the vehicle is not understeering in the same turn run- 
ning. Therefore, when Vdt is smaller than Vst, it may be 
assumed that Gy is smaller than a due lateral accelera- 
tion correspondihg to the standard yaw rate y 1 , that is, 
the vehicle is understeering, while when Vst is smaller 
than Vdt, it may be assumed that y is larger than the 
standard yaw rate y 1 , that is the vehicle is oversteering. 
[0039] In either case, the control proceeds to step 
500, and a vehicle speed modification A V is calculated 
as a difference of Vt from V detected by the vehicle 
speed sensor 58. When a substantial understeering or 
a substantial oversteering occurs in a turn running. Vdt 
in the understeering or Vst in the oversteering is smaller 
than V, so that A V is calculated as a substantial nega- 
tive value. 

[0040] Then, in step 600, an engine torque modifi- 
cation A T is calculated in the same manner as in step 
600 of the embodiment of Fig. 3. Then, based upon A T 
thus obtained, in step 700, the target throttle opening ^ 
s is calculated in the same manner as in step 700 of the 
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embodiment of Fig. 3, and then in step 800, the sub- 
throttle control is executed in the same manner as in 
step 800 of the embodiment of Fig. 3. 
[0041 ] Fig. 5 is a flowchart similar to that of Fig. 3 or 
4, showing a third embodiment of the vehicle turning 
behavior control device according to the present inven- 
tion. Also in Rg. 5. the steps corresponding to those 
shown in Fig. 3 or 4 are designated by the same step 
numbers and operate in the same manner as in the 
embodiment of Fig. 3 or 4. 

[0042] In this embodiment, when the answer of step 
30 is yes, in step 200, based upon the standard yaw rate 
calculated in step 20 in the same manner as in step 20 
of Fig. 3 or 4 but denoted now as y 1 1 and the vehicle 
speed V and the yaw rate y detected by the vehicle 
speed sensor 58 and the yaw rate sensor 60, respec- 
tively, a target vehicle speed Vtl is calculated as fol- 
lows: 

Vtl = Vytl/y 

[0043] When the answer of step 30 is no, the control 
bypasses step 200 through step 21 0, where Vtl is set to 
the actual vehicle speed V. 

[0044] Then in step 220, a stancferd yaw rate y t2 is 
calculated more strictly based upon only V and G as fol- 
lows: 

yt2=VG/{(1 +k4V^)NL} 

wherein k4 is another appropriate coefficient. 
[0045] In step 230, it is judged if y t2 is larger than 
the threshold value y 0. When the answer is yes, the 
control proceeds to step 240, while when the answer is 
no, the control bypasses step 240 through step 250, 
where Vt2 is set to the actual vehicle speed V. 
[0046] In step 240, another target vehicle speed Vt2 
is calculated according to the standard yaw rate yt2, the. 
actual yaw rate y detected by the yaw rate sensor 60 
and the actual vehicle speed V detected by the the vehi- 
cle speed sensor 58, as follows: 

Vt2 = y V/ y t2 

[0047] When the vehicle is understeering in the turn 
running, Vt1 will be calculated to be larger than the 
actual vehicle speed V, while when the vehicle is overs- 
teering in the turn running, Vt2 will be calculated to be 
larger than the actual vehicle speed V. Therefore, also 
assuming that no oversteering occurs at the same time 
as an understeering in a turn running, while or no under- 
steering occurs at the same time as an oversteering in 
a turn running, in step 260, a larger one of Vtl and Vt2 
is selected as a target vehicle speed Vt, with an 
assumption that, when Vtl is selected, the vehicle Is . 
understeering in the turn, while when Vt2 is selected, 
the vehicle is oversteering in the turn. 
[0048] In step 51 0, a vehicle speed modification A V 



is calculated as a difference of Vt from V as follows: 
A V=— (Vt— V) 

5 [0049] Since in this case Vt is larger than V when an 
understeering or an oversteering is occurring, the sign 
of the difference (Vt - V) is reversed for the vehicle 
speed modification A V in the same sense as in the 
embodiment of Rg. 3 or 4. 
10 [0050] Then, in the subsequent steps 600, 700 and 
800, the engine torque is controlled based upon A V in 
the same manner as in the embodiment of Fig. 3 or 4. 
[0051] Fig. 6 is a flowchart similar to those of Figs. 
3-5, showing still another embodiment of the present 
15 invention. Indeed, this embodiment is a modification of 
the embodiment of Fig. 3. Therefore, in Fig. 6, the steps 
corresponding to those of Fig. 3 are designated by the 
same step numbers as in Fig. 3 and operate in the same 
manner as those In Rg. 3. 
2o [0052] In this embodiment, subsequent to step 40, 
in step 300, a target deceleration Gxt of the vehicle is 
calculated according to the target vehicle speed Vt cal- 
culated above, the actual vehicle speed V detected by 
the vehicle speed sensor 58 and a time T determined as 
25 shown in a map of Rg. 7 according to the change rate of 
the steering angle 6 as follows: 

Gxt = (Vt— V)/T 

30 [0053] In step 310, it is judged if the value of Gxt 
calculated above is negative or not. This step con-e- 
sponds to step 550 of Fig. 3. judging if the vehicle is 
understeering. When the answer is yes, the control pro- 
ceeds to step 320. while when the answer is no, the 
35 control returns through step 50. 

[0054] Then, in step 320, a maximum deceleration 
GxtO allowable for the engine braking is calculated 
based upon the lateral acceleration Gy detected by the 
lateral acceleration sensor 56 or a friction coefficient \i 
40 of the road surface by looking at a map such as shown 
in Rg. 8. The friction coefficient \i of the road surface 
may be obtained based upon the lateral acceleration Gy 
and a longitudinal acceleration Gx detected by the lon- 
gitudinal acceleration sensor 62 such as 
45 ^=(Gx^+Gy^)^^. 

[0055] In step 330, it is judged if the absolute value 
of Gxt is smaller than the value of GxtO. When the 
answer is yes, that is, when the deceleration of the vehi- 
cle to be effected for attaining the target vehicle steed Vt 
so is small enough for allowing the engine braking with no 
undue slippage of the wheel tires on the road surface, 
the control proceeds immediately to step 500. 
[0056] On the other hand, when the answer of step 
330 is no, the control proceeds to step 340, and braking 
55 forces Fbi (i=fl f r. ri and n-) to be applied to all or selected 
one or ones of the wheels 24FL-24RR are 'calculated as 
follows: 
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Fbl = Ki(IGxl— GxtO) 

wherein Ki (i=fl, fr, rl and n-) are appropriate coef- 
ficients for the respective wheels. 
[0057] Then, in step 350, bralcing by the forces Fbi 
of the all or selected wheel or wheels are executed, 
before the control proceeds to step 500. 
[0058] Thus, according to this modification, It is 
effectively avoided that the wheel tires cause a slippage 
over the road surface by a too nnuch engine braking for 
the turn behavior control. 

[0059] Although the present invention has been 
described in detail with respect to some prefen-ed 
embodiments thereof, it will be apparent for those 
skilled in the art that various other embodiments and 
modifications are possible with respect to shown 
embodiments within the scope of the present invention. 

Claims 

1 . A device for controlling a turning behavior of a vehi- 
cle having an engine, wheels and a steering sys- 
tem, comprising: 

means for detecting operation parameters of 
the vehicle, including means for detecting run- 
ning speed of the vehicle; 
means for calculating a standard performance 
of the turning behavior of the vehicle substan- 
tially according to a steering angle input by the 
steering system and a running speed of the 
vehicle detected by the running speed detec- 
tion means; 

means for calculating a deviation of the turning 

behavior from the standard performance 

thereof in an amount of decrease of vehicle 

running speed to be effected with the vehicle 

for compensating the deviation; 

means for calculating a target decrease of 

torque of the engine for effecting the vehicle 

running speed decrease; and 

means for decreasing the torque of the engine 

according to the target engine torque 

decrease. 

2. A device according to claim 1 , wherein 

the operation parameter detection means fur- 
ther include means for detecting lateral accel- 
eration of the vehicle, 

the standard turning behavior performance cal- 
culation means calculate a standard yaw rate 
of the vehicle, and 

the tuming behavior deviation cak^ulation 
means calculate the turning behavior deviation 
by first dividing the lateral acceleration 
detected by the lateral acceleration detection 
means with the standard yaw rate to obtain a 



target vehicle speed and then subtracting the 
vehicle speed detected by the vehicle speed 
detection means from the target vehicle speed, 
so as to obtain a vehicle speed modification 
amount on a condition that the balance is neg- 
ative, the vehicle speed modification amount 
being the vehicle speed decrease to be 
effected with the vehicle for compensating the 
deviation into an understeering. 

3. A device according to claim 1 , wherein 

the operation parameter detection means fur- 
ther include means for detecting yaw rate and 
lateral acceleration of the vehicle, 
the standard turning behavior performance cal- 
culation means calculate a standard yaw rate 
of the vehicle and a first provisional target vehi- 
cle speed by dividing the lateral acceleration 
detected by the lateral acceleration detection 
means with the standard yaw rate on one hand, 
while cateulating on the other hand a second 
provisional target vehicle speed by dividing the 
lateral acceleration detected by the lateral 
acceleration detection means with the yaw rate 
detected by the yaw rate detection means, and 
the turning behavior deviation calculation 
means subtract the vehicle speed detected by 
the vehicle speed detection means from either 
the first or the second provisional target vehicle 
speed whichever is smaller than the other, so 
as to obtain a vehicle speed modification 
amount on a condition that, when the first pro- 
visional target vehicle speed is selected, the 
vehicle speed modification amount is the vehi- 
cle speed decrease to be effected with the 
vehicle for compensating the deviation into an 
understeering, while when the second provi- 
sional target vehicle speed is selected, the 
vehicle speed modification amount is the vehi- 
cle speed decrease to be effected with the 
vehicle for compensating the deviation into an 
oversteering. 



45 4. A device according to claim 1 , wherein 

the operation parameter detection means fur- 
ther include means for detecting yaw rate, 
the standard turning behavior performance cal- 

50 culation means calculate a standard yaw rate 

of the vehicle and a first provisional target vehi- 
cle speed by dividing a product of the vehicle 
speed detected fc}y the vehicle speed detection 
means and the standard yaw rate with the yaw 

55 rate detected by the yaw rate detection means 

on one hand, while calculating on the other 
hand a second provisional target vehicle speed 
by dividing a product of the vehtole speed 
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detected by the vehicle speed detection means 
and the yaw rate detected by the yaw rate 
detection means with the standard yaw rate, 
and 

the turning behavior deviation calculation s 
means subtract the vehicle speed detected by 
the vehicle speed detection means from either 
the first or the second provisional target vehicle 
speed whichever is larger than the other, so as 
to obtain a vehicle speed modification amount io 
on a condition that, when the first provisional 
target vehicle speed is selected, the vehicle 
speed modification amount is the vehicle 
speed decrease to be effected with the vehicle 
for compensating the deviation into an unders- 75 
teering, while when the second provisional tar- 
get vehicle speed is selected, the vehicle 
speed modification amount is the vehicle 
speed decrease to be effected with the vehicle 
for compensating the deviation into an overs- 20 
teering. 

5. A device according to claim 1 . wherein 

the vehicle operation parameter detection 25 
means further include means for detecting lat- 
eral acceleration of the vehicle, and 
the device further comprises means for calcu- 
lating a target deceleration of the vehicle based 
upon the vehicle running speed decrease 30 
amount calculated by the turning behavior 
deviation calculation means, means for esti- 
mating a maximum deceleration of the vehicle 
allowable by an engine braking based upon the 
lateral acceleration of the vehicle detected by 35 
the lateral acceleration detection means, and 
means for braking at least one of the wheels 
until the target deceleration lowers below the 
maximum allowable deceleration when the tar- 
get deceleration is higher than the maximum 40 
allowable deceleration. 

6. A device according to claim 1 , wherein 

the vehicle operation parameter detection 45 
means further include means for detecting fric- 
tion coefficient of a road surface, and 
the device further comprises means for calcu- 
lating a target deceleration of the vehicle based 
upon the vehicle running speed decrease so 
amount cateulated by the turning behavior 
deviatton calculation means, means for esti- 
mating a maximum deceleration of the vehicle 
allowable by an engine braking based upon the 
road surface friction coefficient detected by the 55 
road surface friction coefficient detection 
means, and means for braking at least one of 
the wheels until the target deceleration lowers 



below the maximum allowable deceleration 
when the target deceleration is higher than the 
maximum allowable deceleration. 

7. .A method for controlling a turning behavior of a 
vehicle having an engine, wheels and a steering 
system, comprising the steps of: 

detecting operation parameters of the vehk^le, 
including running speed of the vehicle; 
calculating a standard performance of the turn- 
ing behavior of the vehicle substantially 
according to a steering angle input by the 
steering system and the detected running 
speed of the vehicle; 

calculating a deviation of the turning behavior 
from the standard performance thereof in an 
amount of decrease of vehicle running speed 
to be effected with the vehicle for compensat- 
ing the deviation; 

calculating a target decrease of torque of the 
engine for effecting the vehicle running speed 
decrease; and 

decreasing the torque of the engine according 
to the target engine torque decrease. 

8. A method according to claim 7, further comprising 
the steps of: 

detecting lateral acceleration of the vehicle, 
calculating a standard yaw rate of the vehicle, 
and 

calculating the turning behavior deviation by 
first dividing the lateral acceleration with the 
standard yaw rate to obtain a target vehicle 
speed and then subtracting the vehicle speed 
from the target vehicle speed, so as to obtain a 
vehtole speed modification amount on a condi- 
tion that the balance is negative, the vehicle 
speed modification amount being the vehicle 
speed decrease to be effected with the vehicle 
for compensating the deviation into an unders- 
teering. 

9. A method according to claim 7, further comprising 

the steps of: 

detecting yaw rate and lateral acceleration of 
the Vehicle, 

calculating a standard yaw rate of the vehicle 
and a first provisional target vehicle speed by 
dividing the lateral acceleration with the stand- 
ard yaw rate on one hand, while calculating on 
the other hand a second provisional target 
vehicle speed by dividing the lateral accelera- 
tion with the yaw rate, and 
subtracting the vehicle speed from either the 
first or the second provisional target vehk:le 
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speed whichever is smaller than the other, so 
as to obtain a vehicle speed modification 
amount on a condition that, when the first pro- 
visional target vehicle speed is selected, the 
vehicle speed modification amount is the vehi- 5 
cie speed decrease to be effected with the 
vehicle for compensating the deviation into an 
understeering, while when the second provi- 
sional target vehicle speed is selected, the 
vehicle speed modification amount is the vehi- 10 
cle speed decrease to be effected with the 
vehicle for compensating the deviation into an 
oversteering. 

10. A method according to claim 7, further comprising 15 
the steps of: detecting yaw rate, 

calculating a standard yaw rate of the vehicle 
and a first provisional target vehicle speed by 
dividing a product of the vehicle speed and the 20 
standard yaw rate with the yaw rate on one 
hand, while calculating on the other hand a 
second provisional target vehicle speed by 
dividing a product of the vehicle speed and the 
yaw rate with the standard yaw rate, and 25 
subtracting the vehicle speed from either the 
first or the second provisional target vehicle 
speed whichever is larger than the other, so as 
to obtain a vehicle speed modification amount 
on a condition that, when the first provisional 30 
target vehicle speed is selected, the vehicle 
speed modification amount is the vehicle 
speed decrease to be effected with the vehicle 
for compensating the deviation into an unders- 
teering, while when the second provisional tar- 35 
get vehicle speed is selected, the vehicle 
speed modification amount is the vehicle 
speed decrease to be effected with the vehicle 
for compensating the deviation into an overs- 
teering. 40 

11. A method according to claim 7, further comprising 
the steps of: 

detecting lateral acceleration of the vehicle, 45 
calculating a target deceleration of the vehicle 
based upon the vehicle running speed 
decrease amount, 

estimating a maximum deceleration of the vehi- 
cle allowable by an engine braking based upon so 
the lateral acceleration of the vehicle, and 
braking at least one of the wheels until the tar- 
get deceleration lowers below the maximum 
allowable deceleration when the target deceler- 
ation is higher than the maximum allowable ss 
deceleration. 



the steps of: 

detecting friction coefficient of a road surface, 
calculating a target deceleration of the vehicle 
based upon the vehicle running speed 
decrease amount, 

estimating a maximum deceleration of the vehi- 
cle allowable by an engine braking based upon 
the road surface friction coefficient , and 
braking at least one of the wheels until the tar- 
get deceleration lowers below the maximum 
allowable deceleration when the target deceler- 
ation is higher than the maximum allowable 
deceleration. 



12. A method according to daim 7, further comprising 
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